Introduction
Temporal lobe epilepsy is the epileptic syndrome most amenable for surgery and temporal lobe resection represents the most common procedure in epilepsy surgery. 1 CAH is the surgical procedure most widely carried out among the different epilepsy surgery centers. It comprises the resection of the temporal lobe mesial structures (amygdala and hippocampus) and of lateral temporal neocortex as well. Different approaches as to the extent of the neocortex that would need to be resected were developed and included the use of both electrophysiological (intraoperative electrocorticography) and anatomic (intraoperative direct measurement) methods. More recently, the value of intraoperative electrocorticography was challenged and intraoperative ''spike chasing'' was virtually abandoned. 2 Early experience in epilepsy surgery suggested that the amount of neocortex to be removed could be determined by linear measurement along the temporal lobe axis from its pole: 4.0-4.5 cm behind the temporal pole in dominant side and 5.5-6.0 cm from it in non-dominant resection. 3, 4 That linear approach did not take into account the different head sizes, skull shapes, age, sex and ethnic variations and an even more alleatory approach was used in children. The rationale for using a non-linear (proportional) paradigm for determining the extent of the neocortex to be removed in temporal lobe resection was based on anatomical and intra-operative cortical mapping findings. Proportional systems, 5 such as the anterior-posterior commissure (AC-PC) and callosal systems are based on landmarks that proved to occupy a fixed relative position in men; this fact correlated with the phylogenetic evolution of these structures. It 
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was shown that the motor strip (area 4) projects in a predictable way within the AC-PC or callosal spaces, 6 suggesting that its position could be found using proportional paradigms. Additional information was obtained from intra-operative cortical mapping that was routinely performed in awaken patients in the early days of epilepsy surgery. 7 The analysis of these brain mapping atlases regarding temporal lobe speech areas showed that almost all such areas were located behind the projection of the central sulcus at the level of the sylvian fissure. Thus, since the motor strip was shown to occupy a specific position in proportional spaces and temporal speech areas were always located behind it, it seemed adequate to use the central sulcus as the most posterior margin for lateral neocortical removal. We present our results regarding speech preservation in patients submitted to CAH using the central artery as an intraoperative anatomical landmark for determining the posterior border of neocortical resection.
Methods
Two hundred and fifty consecutive right-handed patients with left unilateral MTS as seen on MRI, evaluated using a non-invasive protocol and submitted to dominant CAH from 1998 to 2008 at Hospital Brigadeiro were studied.
Pre-operative work-up consisted of clinical history, neurological examination, interictal EEG, neuropsychological testing and MRI. Preoperative findings as to sex, age at seizure onset, age at presentation, duration of epilepsy, seizure type and frequency, antiepileptic drug (AED) regimen, and presence or not of febrile seizures, head trauma, status epilepticus, meningitis and birth injury were studied regarding final outcome.
The clinical diagnosis was based on the International Classification of Seizures 8 and Epileptic Syndromes. 9 The following clinical characteristics were considered as diagnostic for TLE: simple partial seizures (SPS) of the de´jà vu or jamais vu type, or including epigastric or psychic manifestations (p.e., fear) followed by complex partial seizures (CPS) characterized by staring and masticatory automatisms, accompanied or not by superior limb automatisms or contralateral superior limb distonia. All patients had 32-channels interictal EEG recordings (10-20 system) including zygomatic electrodes. The presence of temporal lobe interictal spiking and absence of extratemporal discharges were considered findings related to TLE.
All patients had MRI examinations including sequences for the adequate study of the hippocampal formation: 3 mm thick (0.3 mm interval) FLAIR, T2 and IR coronal slices perpendicular to the hippocampal axis; 6 mm thick T1, T2, gradient echo, FLAIR and IR axial slices and T1 sagittal slices. Images were visually reviewed by two members of the epilepsy team independently. Patients with any other hippocampal or amygdala abnormality, such as abnormal rotation, smaller hippocampus without signal increase or normal size hippocampus with increased signal were excluded from the study.
Immediate post-operative CT or MRI was performed in all patients with any surgical or neurological deficit following the procedure. MRI was performed one month after surgery to document the extent of resection.
Neuropsychological testing included dichotic listening, WAIS, Wechsler memory, Boston naming, Wisconsin card sorting and somesthesic (strength and two points discrimination) testing. Patients were considered to have pre-operative memory deficit when they were performing at least one standard deviation below normal. Patients were considered to have memory improvement/ decline post-operatively if they performed at least one standard deviation from pre-operative baseline findings. Patients were tested before surgery, and 1 and 12 months after surgery. If any speech alteration was noted immediately post-operatively, patients were re-tested using the same tests.
All patients were operated under general anesthesia and without intraoperative electrocorticography. We used a standard horseshoe skin/muscle flap, and an exclusively temporal craniotomy, exposing only the temporal lobe and the lower portion of the fronto-parietal convexity. Surgery consisted of lateral neocortex and fusiform and parahippocampal giri resection, and complete removal of the hippocampus and intra-temporal amygdala. The posterior border of the lateral neocortical resection was defined by a line perpendicular to the temporal axis at the level of the central artery, not sparing the first temporal gyrus. The central artery could always be recognized as a middle cerebral artery branch that exits the sylvian fissure and runs 1 cm over the cortical bridge connecting the motor and somato-sensitive areas before diving into the central sulcus itself (Fig. 1) . If Labbe vein was found anterior to this position, we performed cortical resection around the vein leaving its flow unaffected. The linear extent of the neocortical removal (from the temporal tip) was measured in each patient intra-operatively.
Results
There were 149 men; age ranged from 7 to 61 years (mean = 32). There were 23 patients under the age of 12 years. Mean age at seizure onset was 7.8 years and mean duration of epilepsy was 19.2 years. All patients had complex partial seizures; 232 patients had simple partial seizures (auras). Seizure frequency range from 4 to 50/month (mean = 6.2). All patients had interictal temporal lobe spiking ipsolateral to MTS seen on MRI and 85 patients had bilateral interictal temporal lobe spiking. All patients had clear-cut unilateral MTS on MRI (visual analysis). Mean followup time was 5.6 years.
There was no relationship between any of the studied clinical variables and the occurrence of postoperative speech disorders. Seven patients had transient (1-3 weeks; mean = 9 days) receptive speech disturbance; there was no motor aphasia. There was no permanent speech deficit. Post-operative CT or MRI documented edema or contusion at the posterior temporal cortical border in all patients who had transient speech deficits. One month after surgery, no patient disclosed any speech alteration.
The extent of cortical resection ranged from 2.7 to 4.9 cm (mean = 3.9 AE 1.9) from the temporal pole. Complete hippocampectomy and removal of the intra-uncal amygdala was documented in all patients' MRI post-operatively. Mean extent of neocortical resection was smaller in kids under 12 years (mean = 3.1 AE 1.4).
Discussion
Although many surgeons examine the position of the rolandic cortex during temporal lobe resection, this is the first report in the literature discussing the use of a non-linear, proportional paradigm to determine the extent of lateral neocortical removal in an homogeneous population of patients with MTS submitted to dominant CAH. We found no permanent speech disturbances in this series that could be attributed to lesions in Wernicke's area or in the so-called temporo-basal speech area. 10 Some authors suggested that the extent of cortical resection in kids might be proportionally larger when compared to adults. 11, 12 This was not true in the present series; children had proportionally smaller resections, which is compatible with the rationale used for intraoperative determination of the extent of resection.
We do not submit our patients with temporal lobe epilepsy and mesial temporal sclerosis to fMRI or Wada's test, although we do use dichotic listening tests. Additionally, all patients presented in this series were right handed and grossly abnormal language representation is uncommon and right hemisphere speech representation is extremely rare. 13 Although speech disturbance had always represented a critical concern preoperatively in temporal lobe surgery, it has sparsely been reported, and many of these reports could be found in non-peer reviewed books. [14] [15] [16] Both motor and language disturbances were more prevalent by the time insular cortex was also removed; permanent speech deficits were infrequently reported in the literature when insular cortex was preserved. It is very difficult to adequately obtain information regarding transient speech disorders after temporal lobe resection from the literature, especially since many authors consider transient dysphasia as a side effect and not a complication from surgery and tend to under-report it; 1-30% prevalence rates for postoperative transient speech disorders were published. [17] [18] [19] [20] [21] [22] On the other hand, permanent receptive speech deficits were reported extremely infrequently in the literature, to an amount that would make worries regarding speech preservation as unnecessary as far as basic technical guidelines are followed. This is in contrast to verbal memory decline, which has been consistently reported in patients with TLE and normal MRI 23 ; memory decline was not consistently seen in patients with MTS. 24 This ability to compensate for early speech deficits might be related to the more widespread cortical organization of language within Wernicke's area, which contrasts with the more restricted areas related to motor function (rolandic cortex) and memory (hippocampus). The traditional extent of 4.0-4.5 cm (dominant side) and 5.5-6.0 cm (non-dominant side) for cortical resection was considered since Penfield's and Falconer's early descriptions of temporal lobe resection. The mean 3.9 cm of neocortex resected in the present series is less then suggested by the linear, non-proportional approach mentioned above; it appears that smaller neocortical removal is enough and safe in this patient population.
We do not submit our typical patients with temporal lobe epilepsy and mesial temporal lobe epilepsy to post-operative CT scanning, and thus, comparison of immediate postoperative imaging in patients with or without postoperative deficits could not be done.
The rolandic giri are irrigated by the so-called central arteries, which could be further subdivided into an anterior, middle and posterior branches. The main middle central artery branch is the one which usually travels over the rolandic operculum (a small piece of cortex uniting the sensitive and motor cortex below the tongue area, near the sylvian fissure). The entry point of the central artery into the central sulcus can be easily located with adequate training. 25, 26 The non-linear approach used in this series to determine the extent of cortical resection proved to be safe and effective to avoid post-operative speech disorders. It was able to compensate for different brain and head sizes, and allowed smaller neocortical removal when compared to traditional linear approaches.
